and fluorescein sodium salt (98.5-100.5%) were purchased from Sigma-Aldrich. Hexane (98%), toluene (99.5%), 1-butanol (99.5%) and acetonitrile (99.8%) were purchased from local vendors.
The reaction was quenched immediately using a bath containing dry ice in acetone. The obtained reaction product was centrifuged at 3000 rpm for 1 minute and the supernatant was taken up for further washing after discarding the precipitate. Small amount (1-2 mL) of tertbutanol (or acetonitrile) anti-solvent was added to the supernatant solution to precipitate out the NCs, along with centrifugation at ~6000 rpm. The obtained precipitate was dispersed in hexane and placed in refrigerator for half an hour, following by decanting the supernatant solution after discarding any precipitate that might have formed. This colloidal NC was used for optical studies in solution phase. Excess amount of the anti-solvent starts degrading the nanocrystals. Sometimes, the washing method was repeated for a second time to get rid of any remaining oily residue, but further repetition of washing process destabilize the colloidal nanocrystals. It must be noted that thallium and its salts, similar to lead salts, are toxic in nature. Hence, necessary precautions need to be taken while using any thallium containing substance.
Synthesis of TlBr NCs:
TlBr NCs were synthesized using a protocol similar to that of TlI NCs, but with some differences, which are mentioned here. 1 mmol of TlNO 3 and 2 mmol of tetra butyl ammonium bromide were used, and the final reaction was carried out at 300 o C. NCs were dispersed in 100 μL hexane and this concentrated dispersion was drop casted on polystyrene substrate, followed by spinning at 200 rpm and drying for 2 minutes over a spin coater. The procedure was repeated 2-3 times to obtain a film thickness around ~10 μm. The films were then kept in desiccator under vacuum drying for about 6 hours. The thickness measurements of films were carried out by using optical surface profilometer from ZETA instruments.
Optical Pump Terahertz Probe (OPTP) spectroscopy:
This is a non-contact way of measuring photo-conducting carrier dynamics in semiconductor NCs. [1] [2] In a typical OPTP experiment an optical pump pulse having energy higher than the band gap excites the NCs to create charge carriers (electron in conduction band and holes in the valence band). 2 The pump-induced photoconductivity is measured by a THz probe pulse arriving at a particular delay with respect to the pump pulse. The temporal evolution of the pump induced photoconductivity is recorded by varying the pump-probe delay. Our OPTP set up is based on an ultrafast amplified laser system having 800 nm central wavelength, 4 mJ pulse energy, 1 kHz repetition rate, and ~50 fs pulse width. We generate broadband THz light from air plasma, and employ air biased coherent detection (ABCD) technique for detection. Then the NCs are cooled and the transition is monitored in the reverse direction from cubic to orthorhombic phase. But this reverse phase-transition has been observed to be a slow process with cubic phase dominating even after cooling the sample to 373 K. Surprisingly, the sample exhibits a minor contribution from cubic phase along with predominant orthorhombic phase, even after cooling the sample back to 303 K. It takes many hours at 303 K, before the sample completely converts back to a pure orthorhombic phase as shown by the XRD patterns in Figure 4a . One should note here that the full width at half maxima (FWHM) of XRD peaks and the lattice parameters remain unchanged before and after the reversible phase transition of orthorhombic TlI NCs, suggesting that the average crystallite size remains intact during the temperature dependent phase transition study.
Phase transition in TlI NCs was further probed using DSC. Figure S5b shows a broad endotherm dip at ~446 K, corresponding to phase transition from orthorhombic to cubic phase in TlI NCs, and thus, commensurate with temperature dependent powder XRD results.
This temperature dependent structural phase transition of TlI NCs has been schematically summarized in Figure 2c of the main manuscript. Such structural phase transition can also change the optical properties. For example, orthorhombic phase of bulk TlI is known to exhibit an optical gap = 2.86 eV, whereas that of cubic phase is only 2.0 eV. 6 As expected, our TlI NCs also show similar structure dependent change in optical gap (see Figure S6) . Photographs in the inset of Figure S6 show colour of colloidal TlI NCs is pale yellow at 30 o C (303 K, and remains so till temperature is as high as ~423 K), but it is reddish-orange at 220 o C (493 K).
Figure S6:
Influence of temperature dependent structural phase transition on optical properties of TlI NCs. Optical gap of TlI NCs are known to change from 2.86 eV for orthorhombic phase to 2.0 eV for cubic phase. Our colloidal TlI NCs also show a similar change in optical gap (UV-visible absorption spectra) and colour (photographs in the inset) for orthorhombic NCs at 30 O C to cubic NCs at 220 o C. For the sample at 220 o C, the hot colloidal dispersion was quickly transferred to a cuvette and the spectrum was collected within a minute at room temperature. In this process there is a small drop in temperature, which might be the reason for seeing some contribution from orthorhombic phase as well in the absorption spectrum after heating the sample at 220 o C. 
